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ABSTRACT
 This experiment was conducted in the glasshouse of Universiti Putra Malaysia, to deter-
mine the growth and development of Fimbristylis miliacea (L.) Vahl. Twenty F. miliacea seeds 
were surface sown in ten plastic buckets of 18 cm diameter filled with 3 kg soil. After germina-
tion only one plant/bucket was retained. Time of first seedling emergence, time and number of 
leaves appearing until first tiller formation, time of tiller formation, first inflorescence, the first 
10 inflorescences appearance and their maturity were recorded for each plant. Plant height and 
the number of inflorescence per plant was recorded weekly for up to 4 months after sowing. The 
first ten inflorescences for each plant were tagged after emergence, subsequently mature inflo-
rescences were collected and the numbers of spikelets/inflorescence, seeds/inflorescence, seeds/ 
plant and 1000 seed weight were determined. Statistical analysis was performed as complete 
randomized design on weekly observed plant height and inflorescence number using the SAS 
statistical software and means were tested using Tukey’s studentized range test at the 5% level of 
probability. Fimbristylis miliacea seedlings emerged at 3 days after planting of seeds. Approximate 
times required for the sequential production of 10 leaves, tillers, first 10 inflorescence and their 
maturity were 28 days after emergence (DAE), 35 DAE, 49 DAE, 63 DAE, respectively. Plant 
height increased rapidly from 3-8 WAE and maximum plant height (64.05 cm) was attained at 
10 WAE. This species had three important growth stages: a slow growth stage during the first 
4 weeks after emergence (WAE); a rapid growth stage from 4-9 WAE; and finally, a maximum 
growth stage from 9-17 WAE. Within this first 4 weeks after emergence would be the most 
appropriate time for controlling this species with early post-emergence herbicides. Each F. 
miliacea plant produced on average of 2.3 tillers/plant and a total of 134 inflorescences, with 84 
inflorescences/plant ripening within this period. Each inflorescence comprised 48 spikelets with 
511 seeds and matured after 3 weeks of emergence. Total seeds/plant and 1000 seed weight were 
42275 and 0.035 g, respectively. Time required for seed ripening was 76 days after emergence.
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INTRODUCTION
 Species differ substantially in life form and timing of stages of development and 
reproduction. Each of these processes occurs at a measurable, requisite rate. Successful 
individuals grow rapidly or largely, develop through the various stages of their life cycle, 
and eventually are replaced in the environment by their progeny (Radosevich et al. 1997). 
The components of the life cycle such as timing of germination, seedling emergence, 
adult survival, age of flowering, and seed numbers are pre-requisites to be determined 
during the life span of the plant (Sabrig 1980; Silvertown and Doust 1993). The plant 
developmental phases are fundamental to the understanding of plant function, that is, 
the manner of interaction within the environment.
 Fimbristylis miliacea is a serious weed in ricefields in South-East Asia (Moody 
1989; Smith 1983). In spite of the importance of this weed little is known about the 
species growth and development. In several annual and perennial weed species, studies 
on growth and developmental characteristics have increased the understanding of the 
weed’s morphological characteristics that aid in success, and or exploited in a control 
program. Smith and Fick (1938) studied the life history of purple nutsedge (C. rotundus) 
and related several growth characteristics to possible control methods. They found that 
effective control can be obtained if control measures are taken early in the life cycle 
of the plant. McWhorter (1961) conducted similar experiments with johnsongrass 
[(Sorghum halepense) (L.) Pers.]. They concluded that eradicating johnsongrass plants 
must be accomplished before new rhizomes are formed (6 to 8 weeks) to be effective. 
Chandler et al. (1977) stated that in moonflower weed the total number of seed per pods 
and seeds produced per plant were 2730 and 9350, respectively, with peak production 
occurring 5 through 7 weeks after initiation of anthesis. Controlling this weed within this 
period is to eliminate seed production. Thus, the time of flowering and seed production 
are thus important to know. 
Growth and development study have been observed in several weed species such 
as Echinochloa crus-galli (Azmi 1994; Itoh 1991; Arifin 2004), Leptochloa chinensis (Pane 
1997),  Ischaemum rugosum (Bakar and Nabi 2003), Cyperus esculentus and C. rotundus 
(Williams 1982). Even though, biological study of F. miliacea has been reported to 
some extent by Burkill (1935) and Holm et al. (1977). But, in recent past growth and 
development studies on F. miliacea have not been reported. An understanding of the 
phenology of a weed is important for developing strategies for its control. Differences 
in the behavior of species at each stage reveal to differences in susceptibility to control 
by a particular approach. Information on occurrence of emergence, leaf formation, til-
lering, flowering, fruiting and other developmental processes would facilitate the timing 
of effective control measures. Therefore, the study on the growth and development of 
F. miliacea was undertaken with the objectives of (i) to determine F. miliacea growth 
characteristics from seed germination to seedling establishment and subsequent seed 
production and (ii) to quantify the time of occurrence of all growth-developmental 
stages of Fimbristylis miliacea.
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MATERIALS AND METHODS
The experiment was conducted in the glasshouse at Universiti Putra Malaysia, from 
November 2003 to March 2004. Seeds of F. miliacea were collected from a ricefield 
at the Malaysian Agricultural Research Development Institute (MARDI) research 
station, in Bertam, Pulau Pinang on August 2003. The soil used was collected from a 
Tanjung Karang ricefield, which was a silty clay (49.71% clay, 49.56% silt and 0.73% 
sand) of Bakau series (Typic Hydraquents) with pH 4.98. Twenty seeds were surface 
sown in 18 cm diameter plastic buckets filled with 3 kg soil. Ten buckets were used 
for this experiment. After germination, only one plant/bucket was retained. All other 
seedlings were removed as soon as they emerged. One third of the urea, whole triple 
super phosphate (TSP) and muriate of potash (MOP) were applied as basal fertilizer 
treatments at rates equivalent to 370, 167 and 250 kg/ha, respectively. Another two 
thirds of the urea was applied at 35 and 55 days after sowing. Based on area basis each 
bucket received a total of 0.93 g urea, 0.42 g TSP and 0.63 g MOP. The buckets were 
irrigated with tap water and maintained at saturation condition. Malathion was applied 
when required to control insect pests. 
Time of first seedling emergence, time and number of leaves appearing until 
first tiller formation, time of tiller formation, and first inflorescence appearance were 
recorded for each plant. Plant height was measured weekly from the soil surface to the 
tip of the leaf. Time of appearance of the first 10 inflorescences and their maturity was 
also recorded to determine the average total time to maturity of Fimbristylis miliacea. 
The number of inflorescence per plant was recorded weekly for up to 4 months after 
sowing to correlate with the life span of cultivated rice. 
The first ten inflorescences for each plant were tagged when they emerged. These 
inflorescences were collected when mature and the numbers of spikelets/inflorescence 
were determined.  These ten inflorescences were then dried for 1 week, threshed by 
hand and the seeds separated by winnowing. The seeds were weighed and number of 
seeds per inflorescence were estimated using 1000 seed weights. The number of seeds/
inflorescence was derived from the average number of seeds/10 inflorescence per plant 
which was as follows (Charotte et al. 1990):
                       
Weight of seeds from 10 inflorescence (g)
No. of seeds per inflorescence =   ----------------------------------------------------     × 1000 seeds
      Weight of 1000 seeds (g) × 10 
Thus total seeds per plant were estimated from the number of seeds per inflores-
cence multiplied by the number of matured inflorescence per plant. Statistical analysis 
was performed on weekly observed plant height and inflorescence number using the 
SAS statistical software and means were tested using Tukey’s studentized range test at 
the 5% level of probability.
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RESULTS AND DISCUSSION
Growth characteristics of Fimbristylis miliacea
 Growth rate as measured by increases in plant height over time was significant. 
Initially, the plants were stunted and increase in plant height was slow for the first 2 
weeks (Figure 1). 
Figure 1.  Weekly measured plant height and inflorescence number of F. miliacea (Means within 
week after emergence (WAE) with same alphabets are not significantly different at 
P ≥ 0.05 (Tukeys Test))
 However, at the 3rd week after emergence, a significant rapid increase in plant 
height (10.5 cm) was observed and significantly higher weekly increasing rate was 
observed for up to 8 weeks. During this time the plant reached 96.57% of its maximum 
height. At 10 weeks after emergence the plant reached maximum height (64.05 cm) 
(Figure 1). Beyond this period, height did not increase due to onset of leaf tip senescence. 
A similar pattern was obtained in L. chinensis, where for the first 20 days, plants grew 
slowly, while during 20 – 50 days after sowing (DAS) the plant height increased rapidly 
to 100 cm and with increases of 2-3 cm/day. At 70 DAS the plants reached maximum 
height (Pane 1997). Pennisetum polystachyon which grows to a height of 201 cm, also 
showed slow initial growth for up to 8 weeks followed by a rapid increase in height at 
14 weeks, resulting from the elongation of the internodes at the onset of reproduction 
(Fernandez 1982). In contrast the fast growing weed species, purple moonflower 
reached 85% of its height within by 4 weeks after emergence (Chandler et al. 1977) and 
Scirpus maritimus increased it height at the rate of 2.7 cm/day during the first 40 days 
of growth (Visperas and Vergara 1978). Differences in plant height are an important 
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criteria determining species competitiveness as well as to timing of control measures. 
Growth studies on giant burred (Sparganium eurycarpum Englem.), a perennial weed 
in annual wild rice, demonstrated that during early season growth a height difference 
existed between the weed and the crop which allowed for selected herbicide application 
( John and Ervin 1990). In some crops, efficient and safe use of herbicides, requires a 
height differential between the crop and the weed in order that the weed can be sprayed 
with minimal contact with crop foliage.
  Tiller formation in F. miliacea was 1-4 per plant and average tiller production 
was 2.3 per plant (Table 1). Total production of inflorescences/plant was 134 within the 
4-month period (Table 1). Positive correlation was found between tiller numbers and 
number of inflorescence produced (Figure 2). When tiller production increased from 1 to 
4, the inflorescence production showed a linear increase from 67 to 210. Weekly increases 
in inflorescence production were significant (Figure 1). The lowest inflorescences number 
was observed at 7-week after emergence (WAE). Inflorescence number then gradually 
increased from 10 to 16 WAE. There were no significant differences between 16 and 
17 WAE. During the 4 months period a total of 84 inflorescences/plant matured, and 
percentage of ripened inflorescence was 63.22% (Table 1)
Table 1.  Growth characteristics of F. miliacea plants 
Growth parameter Mean ± SE
Plant height (cm) 64.05 ± 6.07
No. of tillers/plant 2.3 ± 0.483
No. of produced inflorescence/plant 133.8 ± 42.39
No. of ripened inflorescence/plant 84 ± 25.33
% ripened inflorescence/plant 63.22 ± 4.57
No. of spikelets/inflorescence 48.96 ± 6.82
Seed no./inflorescence 511 ± 76
Seed weight/plant (g) 1.374 ± 0.330
Seed no./plant 42275 ± 6696
1000 seed weight (g) 0.035 ± .00215
 Each inflorescence was laddered with 49 spikelets and 511 seeds (Table 1). The 
total seed and 1000 seeds weight were 1.37 g and 0.035 g, respectively. Total number of 
seed/plant was 42 276. Although in the Phillipines Holm et al. (1977) observed that seed 
production of each F. miliacea plant was 10 000. Actually, seed output is a highly plastic 
character and is responsive to local growing conditions particularly nutrient availability, 
day length, and plant density. Echinochloa crus-galli seed production per plant ranged 
from 10 776 – 47 850 (Itoh 1991). Whereas, Azmi and Itoh (1991) reported that the 
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E. crus-galli complex produced less seeds 12 129 seeds/plant in the ricefield due to the 
impact of competition with the direct-seeded crop. Most annual weeds produce a few 
thousand seeds per individual when growing with minimal competition, though some 
produce 10 000 to 25 000 seeds per plant (Salisbury 1942), while others like E. crus-
galli under some situations may produce over 100000 seeds per plant (Young 1986; 
Norris 1992). A few annuals (e.g. Varonica hederifolia) produce fewer than 100 seeds 
per individual plant (Salisbury 1942; Boutin and Harper 1991). The number of seeds 
produced by a plant is the product of three variables: (i) the size of the plant (ii) the 
proportion of photosynthate allocated to seeds, and (iii) the mean seed weight. The seed 
production capacity of weeds varies greatly both within and between species. Williams 
(1982) reported that the growth of C. esculentus and C. rotundus as characterized by their 
total dry weight, inflorescence dry weight, root and rhizome dry weight and number 
of shoots per pot was similar, but they differed in the manner in which the dry weight 
was partitioned to reproductive structures. Each species partitioned less than 2% of 
its dry weight into floral formation. However, C. esculentus partitioned only 38% of its 
dry weight to tubers, whereas C. rotundus partitioned 50% of its dry weight to fewer 
and larger tubers. In the case of I. rogusum, seeds/spike, seed weight/plant (g) and seed 
number/plant and 1000 seed weight (g) was 57, 24.5, 6000 and 4, respectively (Bakar 
and Nabi 2003), which indicates much bigger seed size and lower seed number/plant 
than Fimbristylis miliacea.  
Growth stages of Fimbristylis miliacea
 Emergence of F. miliacea started at 3 days after planting of seeds (Table 2). 
Approximate times required for the sequential production of leaves, tillers, first 10 
inflorescence and their maturity are shown in Table 2 and Figure 2. At 7 days after 
emergence (DAE) the plants were at the 3-4 leaf stage. 
Table 2.  Approximate time required for seedling emergence, leaf, tiller and inflorescence formation and 
inflorescence ripening  
Growth parameter Mean time (Days after seedling emergence) ± SE
1st seedling emergence 3 ± 0
2nd leaf formation 2.82 ± 0.40
3rd leaf formation 5.27 ± 0.65
4th leaf formation 7.65 ± 0.84
5th leaf formation 10.32 ± 0.95
6th leaf formation 12.18 ± 0.75
7th leaf formation 14.5 ± 0.58
8th leaf formation 18.33 ± 0.82
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Growth parameter Mean time (Days after seedling emergence) ± SE
9th leaf formation 20.67 ± 0.52
10th leaf formation 25.0 ± 1.05
11th leaf formation 29.0 ± 0.82
12th leaf formation 33.43 ± 1.72
1st tiller formation 35.2 ± 3.68
2nd tiller formation 40.41 ± 3.36
3rd tiller formation 41.57 ± 3.36
4th tiller formation 42 ± 0
1st inflorescence 49 ± 2.78
5th inflorescence 57 ± 2.70
10th inflorescence 63 ± 1.94
Inflorescence ripening (after 
formation) 17.90 ± 1.62
Inflorescence ripening (after 
emergence) 76 ± 6.71
 At 14 DAE the plant had 6-7 leaves and within 28 DAE the plants had 
reached the 10-11 leaf stage. At 4 weeks (28 days) the plant started to produce tillers. 
Observation at 35 DAE showed that the plant produced the first tiller from the 5-7 
leaf node while at the 11-12 leaf stage. The first 4-6 leaves senesced before first tiller 
formation. Obviously, leaf formation with time varies from species to species. Pane 
(1997) observed that L. chinensis produced 4-6 leaves at 20 DAS and produced 2-3 
tillers with 1-3 inflorescences at 30 DAS. Whereas, a very fast growing species like 
E. crus-galli produced the first 2 to 3 leaves within 4 to 7 days after emergence, and 
seedlings started producing tillers at 14-18 days after emergence (Itoh 1991; Azmi et 
al. 1995).
 Tiller formation stopped at the onset of the reproductive stage. All tiller formation 
occurred 42 days (7 weeks) after seedling emergence, followed by the emergence of 1st 
inflorescence within one week, whereas in I. rugosum, production of new tillers ceased 
3-4 weeks after floral initiation, but resumed at 16 weeks when most of the spikes had 
ripened. New tillers were usually unbranched, reduced in height with less seeds/spike 
(Bakar and Nabi 2003). Azmi et al. (1995) reported that E. crus-galli headed at 44-55 
DAE.
 In this study, F. miliacea produced 10 inflorescences within 63 DAE (9 weeks). 
The inflorescence matured after 18 DAE (3 weeks) of emergence (Table 2 and Figure 
2). Total time required for emergence to seed maturation was 76 days. In I. rugosum 
approximately 4 weeks was required for spikes to ripen (Bakar and Nabi 2003). In L. 
chinensis, panicles ripened at 50-60 days after seeding (Pane,1997), while 42 – 56 days 
Table 2.  Continued
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were required to heading and 89 - 98 days were required for maturity in E. crus-galli 
(Itoh 1991; Arifin 2004). In this study, 80% of F. miliacea leaves were dead at harvest 
(120 days). The time required to reach reproductive maturity in weeds varies considerably 
and often similar to the companion crop or sometimes considerably shorter. In the 
tropics, weed life cycles may be extremely short. Echinochloa colona, Setaria verticillata 
and D. aegyptium approach flowering in 30-45 days whilst Rottboellia cochinchinensis 
produced mature seeds within 50 days of establishment (Fisher et al. 1985). Similar short 
duration life cycles may also be observed in weeds of temperate latitudes (e.g. Capsella 
bursa-pastoris L.), but weeds of major importance tend to have an extended growing 
season approaching to at least 6 months. From comparative studies, M. vaginalis, C. 
difformis, F. miliacea and E. glabrescens have been reported to begin flowering even when 
plants have achieved less than 10% of their maximum biomass, with seed production 
continuing for more than four months (Kim and Moody 1989). 
 The growth stages of F. miliacea could be classified into 3 stages (a) slow initial 
growth stage, from emergence to 4 weeks after emergence (WAE), (b) active growth 
stage, from 4 to 9 WAE, (c) maximum growth stage, from 9 to 17 WAE (Figure 2). 
Figure 2.  Growth and development of Fimbristylis miliacea (L.) Vahl
 In the first 4 weeks after emergence, the plants grew slowly and attained 10-11 
leaf stage. This would be the most appropriate time for controlling this species with 
early post emergence herbicides. During the active growing period plant height was 
maximum, tiller formation ceased and the plant produced up to 10 inflorescences. In 
annual plants the foregoing phases of the life cycle follow one another in uninterrupted 
sequence (Larcher 1975). Beyond 10 WAE F. miliacea reached maximum flowering 
stage, and leaves, and some parts of flowering stalks and inflorescences gradually became 
senescent.  The phase of seed production in annual plants is often associated with the 
rapid death of leaves and the appearance of symptoms usually associated with mineral 
deficiency as if the leaves have been “sucked dry” of some essential nutrient which has 
been trans-located to meet the greater needs of the seeds. The evolutionary development 
of annual plants have major activities that require resource allocation, i.e. starting from 
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seed, and continuing with the processes of dispersal, dormancy, germination, seedling 
establishment, vegetative phase, resource capture, growth, flowering, seed production 
and lastly seed maturity (Radosevich and Holt, 1984). Evidently, F. miliacea also has 
the same growth pattern. Holm et al. (1977) repeatedly emphasizes the ability of weeds 
to compete against crop species and most of the weeds allocate a large proportion of 
resources to seed production. Thus importance of early weed control for optimum crop 
production has been recognized for many years by agronomists. Perhaps the basis for this 
view is the morphological and physiological adaptations through common evolutionary 
origin among weed species and crops that cause early onset of competition. Species 
growth characteristics provide an indication of competitive ability, and understanding 
weed seedling growth rates is also important when considering weed management 
strategy that includes the use of herbicides. Improper application timing of herbicide 
can result in poor weed control and the need for remedial treatment.
CONCLUSIONS
 Fimbristylis miliacea seed emergence occurred 3 days after sowing. Plant height 
increased rapidly from 3-8 WAE and maximum plant height of 64.05 cm was attained 
at 10 WAE. First tiller formation was at 11-12-leaf stage after 4 WAE and the range 
of tiller production was 1-4 (average 2.3) per plant. Inflorescence production was 
proportional to number of tillers produced. Total numbers of 134 inflorescences/
plant were produced, of which the ripened inflorescences/plant and seeds/plant was 
84 and 42 276, respectively. One thousand seed weight was 0.035 g.  This species 
has three important growing stages: a slow growth stage during the first 4 WAE; a 
rapid growth stage that generally took place from 4- 9 WAE; and finally, a maximum 
growth stage from 9-17 WAE. The inflorescences generally developed 7-8 WAE and 
subsequently matured 11 -12 WAE. The time requirement for inflorescence maturation 
was 3 weeks after inflorescence emergence. Agricultural weeds generally share certain 
properties, including small seed size, high relative growth rate, low early absolute 
growth rate, tolerance to stress and high reproductive capacity. These differences form 
the basis for a variety of weed management tactics for successful control. Thus, growth 
and development study of a specific weed species is an organizing principle for the 
integration of weed management practices. 
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